Objective: Hot water immersion (HWI) has been proven to be effective for the treatment of pain due to marine envenomation. Our preliminary study by simply measuring the temperature change over time on the hot water in our conventional metal tray method revealed a too rapid fall in water temperature that happened in minutes. The aim of this study was to review the current practice of HWI for patients with marine envenomation in the emergency departments in Hong Kong, and to look for the optimal equipment in performing HWI. Method: We first conducted a phone survey to 16 registered nurses or nursing officers from 16 emergency departments of public hospitals in Hong Kong for the current practice of hot water immersion. The second part of our study was an in-vitro experiment done in observation room that a healthy subject immersed a hand into the water bath in metallic tray, sharp box and thermal isolator with and without covering of aluminum foil or plastic foil. The temperature change of the water bath in these containers was serially monitored. Results: In our phone survey, 14 respondents used plastic tray or sharp box for hot water immersion. Nine of them claimed that they commonly encountered inadequate wound pain relief and early cooling of the hot water bath. The experiment showed that the water temperature dropped out of optimal range for 5 minutes and 15 minutes in metallic tray and sharp box respectively. The thermal isolator kept the optimal temperature throughout 30 minutes of the study time. Conclusion: Our purposed thermal isolator is a safe, practical and effective device for HWI therapy. (Hong Kong j.emerg. med. 2011;18:204-209) 
Introduction
Envenomation by marine creatures is a common problem in emergency departments but there is little information on the epidemiology of marine envenomation and injuries. Local data collected in Hong Kong found that the three most common venomous fishes were stonefish, lionfish and catfish. 1, 2 There were a total of 33 venomous fish sting reported to Hong Kong Poison Information Centre between July 2005 and June 2008. 2 Hot water immersion (HWI) treatment has been proven to be an effective modality, for puncture-type sting [3] [4] [5] [6] [7] and superficial sting by nematocyst. [8] [9] [10] [11] The common recommendation of the HWI is to keep water temperature from 40 to 45 degree Celsius until pain relief that usually takes half to one hour. However, our preliminary study showed that the hot water in metallic tray conventionally used in operation theatres of our hospital had significant heat loss and temperature drop which diminished the effectiveness of HWI treatment. It prompted us to look for a more effective, practical and safe device for the purpose.
The effectiveness of HWI therapy is highly dependent on the design of the bathing device, the availability of hot water and the temperature monitoring. To know the general practice of HWI on marine envenomation in Hong Kong, we first conducted a telephone survey for the emergency departments of 16 public hospitals in Hong Kong. Subsequently, we compared the temperature change of different containers so as to look for the optimal equipment in performing HWI.
Methods
We conducted a telephone survey to one interviewee from each emergency department of the 16 public hospitals in Hong Kong to review the general practice of HWI. These 16 interviewees were either a registered nurse or nurse specialist from each department who had performed HWI in their departments for their patients with marine envenomation before.
The main questions were • What therapy do you give for patients with marine envenomation?
• Which type of container do you use for HWI therapy?
• How do you measure the water temperature?
• How frequent do you check and maintain the water temperature?
• Any problem do you encounter during the therapy?
• Do patients frequently complain of pain during the therapy?
• Do patients report any adverse event after the therapy?
• Do patients improve clinically?
To look for the optimal equipment for HWI, we compared the temperature change during HWI using different containers. Based on the findings of our phone survey, we chose the containers for HWI as sharp bin (7.6 L plastic sharp box widely used in public hospitals), metallic tray (1 L), and a thermal isolator (cooler or portable ice chest, 15 L, see Figure 1 ). We specifically repeated the experiment 5 times for each container to find out the average temperature change over time. To optimise the temperature control of HWI, we also compared the effectiveness of covering the thermal isolator with plastic wrap and aluminum foil.
We recruited a subject to immerse a hand with healthy skin into the hot water bath of different materials of containers. We performed our in-vitro study in observation room of our emergency department. The ambient temperature in our observation room throughout the experiment was 21 o C. We filled the thermal isolator, sharp box and metallic tray with 8 L, 4 L and 500 ml of water respectively. Different volumes of water were filled in because of different sizes of the containers. The HWI temperature was started with 45 o C and serially monitored for 30 minutes. The temperature was measured by mercury-in-glass thermometer (measurable range: 0-100 o C). The temperature was observed by the same observer to avoid inter-observer variations. We followed the Combined Hospital Authority guidelines and our study was approved by the Research Ethic Committee of Kowloon East and Central Clusters, REC (KC/KE).
Results
From our survey, we found 15 out of 16 respondents p e r f o r m e d H W I f o r p a t i e n t s w i t h m a r i n e envenomation. The remaining one provided ice pack cooling therapy for the patients. Among the 15 respondents providing HWI, 14 used plastic containers such as clean sharp box, plastic kidney dish, tray and bucket. One respondent used metallic tray. Nine respondents claimed utilising hand or elbow skin test for checking the water temperature. The remaining 6 respondents used infrared thermometer (1/6), electronic thermometer (2/6) and mercury-in-glass thermometers (3/6). Among 9 out of 15 respondents, the water was rewarmed when patients felt the water cool and relapsing wound pain. Only 4 respondents could measure the temperature and rewarm the bath every 5-10 minutes. Five respondents perceived high human cost to frequently monitor and maintain the water temperature. Nine respondents claimed that their patients frequently complained of relapsing wound pain, especially if the water temperature was maintained less frequently (less than every 15 minutes or only when patients complain). All respondents found that their patients' wound pain was relieved after HWI without major adverse effects.
In the experiment, we found that metallic tray, which is commonly used in operation theatre, could only maintain the temperature from 45 to 40 o C in 5 minutes and the temperature fell below body temperature at 13 minutes (Figure 2 To find out the optimal method of temperature control, we further investigated the effectiveness of the cover of aluminum foil and plastic wrap in the use of thermal isolator (Figures 3 and 4) . Our purposed thermal isolator could limit the temperature drop to around 1.5 to 2 o C in 30 minutes (from 45 to 43 o C with plastic wrap or 43.5 o C with aluminum foil). The temperature changes in these two settings were smaller than that in thermal isolator without any cover (from 45 to 41.9 o C).
After successive 3 hours of HWI, the volunteer complained of mild skin erythema and skin wrinkling. These problems resolved spontaneously within 6 hours. No major complications such as skin burn and irritation were reported by the volunteer. 
Discussion
Marine envenomation is more and more common in Hong Kong because of increasing number of recreational divers and preparation of seafood. 2 Envenomation and injuries caused by marine animals occur often in coastal regions especially in spring and summer seasons. Many of the marine animals have grown toxins for defending themselves and hunting purposes. Marine toxins may be extremely potent and be very different from their terrestrial equivalents. 12 HWI is one of the purposed therapies to control the pain and minimise the inflammation caused by the toxin after envenomation. The earliest record of the effective use of heat in the treatment of weever fish stings was in 1758. It was noted that German fishermen found a hot poultice "a most effective cure". 13 HWI was first used for treatment of puncture-type sting [3] [4] [5] [6] [7] but it was recently proven to be effective to treat superficial envenomation by nematocyst. Three randomised trials [8] [9] [10] and one abstracted randomised controlled trial 11 of jellyfish and Physalia stings found hot water or heat therapy to be more effective than placebo or cold packs in relieving pain. A recent study of stingray envenomation showed that 88% patients had pain relief after HWI as the sole initial treatment. 14 Carrette investigated the effect of temperature on lethality of venom from jellyfish Chironex fleckeri. The venom was extracted, exposed to different temperature and then injected into freshwater crayfish to assess the lethality. They showed that at temperatures over 43 o C, venom lost its lethality more rapidly. However, no significant loss of lethality was seen after exposure to temperatures less than 39 o C. 15 The most commonly referenced methods of heat application are thermal packs, basins of hot water, and hot showers. 16 The choice is usually determined by the equipment availability. Some studies showed that HWI therapy for 30 minutes is effective to relieve wound pain after marine envenomation.
14,17 Administration of hot water (nearly 45 o C) for 30 to 90 minutes until the pain subsides seems to be standard advice although some patients may find such temperatures difficult to tolerate. 18 Superficial burns after HWI have been reported only if the skin is exposed to temperature over 46 o C and longer than 60 minutes. 19 There is only a single recorded case of significant thermal burn from over 200 cases of HWI. 4 This treatment modality appears to be safe under careful re-warming and temperature monitoring.
The effectiveness of HWI decreases when the water temperature of HWI cannot be maintained. The procedures for maintaining an optimal temperature can be labour intensive if it has to be properly done with the water containers presently utilised by the local emergency departments. The most commonly used plastic sharp box has significant heat loss from the water bath.
From our experiment, we found that the hot water bath in metallic tray dropped out of optimal water temperature (from 45 to 40 o ) in 5 minutes. To maintain a temperature above 40 o that is critical for toxin denaturing, 15 the hot water bath needs to be re-warmed every 5 minutes.
From Figure 2 , the plastic sharp box could keep the hot water bath above 40 o C for 10 to 15 minutes. It controls the water temperature better then the metallic tray. Nevertheless, it probably requires 2 to 3 times to rewarm and maintain the temperature within the range from 40 to 45 o C in the 30-minute period of HWI. According to our phone survey findings, the patients who received HWI with the use of plastic containers complained of relapsing wound pain and suboptimal water temperature. It signifies that the plastic containers also have heat loss problems, but to a lesser extent than that of metallic tray.
Compared with metallic and plastic containers, the thermal isolator is the most effective tool to minimise the heat loss. Furthermore, it can function well without using active heating mechanism so it can avoid the risk of overheating. From Figures 2 and 3 , the thermal isolator can maintain the optimal water temperature range from 45 to 42 o C within 30 minutes of HWI. With the presence of aluminum foil or plastic wrap, it further reduces the heat loss through radiation and convection of warm air current. Therefore, the additional use of aluminum foil or plastic wrap can prolong the duration of keeping optimal temperature of the hot water bath which can last longer than 30 minutes without the need for rewarming the water.
The limitation of this study is that the rate of temperature drop may vary in different room temperatures, water bath volumes and designs of thermal isolator. The larger extent of temperature drop in sharp box and metallic tray was partially attributed to their smaller volumes.
This therapy should be more cautious in paediatric patients with marine envenomation because their skin is more susceptible to hot water and complications such as burn may occur. As our survey found that some respondents (9/15) administrated HWI without thermometer, we strongly recommend using thermometer as a safeguard to avoid overheating the immersed skin. Furthermore, HWI should be withheld and the water temperature should be checked immediately if the immersed body part feels pain or suffers from burn.
We propose that HWI can be administrated with the use of a thermal isolator, starting at a temperature of 45 o C without rewarming the water bath, for a standard duration of 30 minutes. If longer duration of HWI is decided e.g. up to 60 minutes, the administrator may use a cover of aluminum foil or plastic wrap, or simply add in hot water at 30-minute intervals to keep the optimal range of temperature for HWI. We summarise our recommendations for HWI in Table 2 . 
Conclusion
We suggest the thermal isolator as a safe, practical and effective device to maintain an optimal temperature of the water bath during HWI therapy of marine envenomation.
